Transparent mesoporous silica plates doped with rare-earth metal oxide were prepared using solvent-evaporation method based on the self-organization between structure-directing agent and silicate in a non-aqueous solvent. A triblock copolymer, Pluronic (F127 or P123), was used as the structure-directing agent, while tetraethyl orthosilicate (TEOS) was used as a silica source. The pore diameter and the surface area of the mesoporous silica plate prepared with the optimized conditions were ca 40 Å and 600 m 2 g −1 , respectively, for both structure-directing agent. Rare-earth metal oxides (Eu, Tb, Tm oxide) in mesochannel were formed via one-step synthetic route based on the preparation method of a silica plate. Optical properties of rare-earth metal oxide-doped mesoporous silica plates were investigated by UV irradiation and photoluminescence (PL) spectroscopy. Under the exitation wavelength of 254 nm, the doped mesoporous silica plates emitted red, green and blue for Eu, Tb and Tm oxides, respectively. Rare-earth metal oxide-doped mesoporous silica plates showed enhanced PL intensity compared to that of the bulk rare-earth metal oxide.
INTRODUCTION
Ordered mesoporous silicas with high surface area ( 1000 m 2 g −1 and uniform pore size (2-50 nm), [1] [2] [3] [4] [5] [6] which are fabricated by sol-gel process of alkoxysilanes using cationic surfactants or triblock copolymers, are attractive materials expanding their potential applications, the targets of which are catalysts, separation, photo-and electrochemical sensing, bio-sensing, drug delivery, nanovalves, and so on. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Use of block co-polymers has been shown to enlarge the pore sizes of ordered mesoporous silica to hundreds of angstroms in previous works. 4 5 For many practical applications, it is important to control such factors as the composition, structure and porosity for desired morphologies. In previous works, supramolecular templates have been used to obtain mesoporous silica materials in different morphologies including thin films, monoliths, fibres, spheres, hexagonal prisms, toroids, gyroids, ropes, discoids, spirals, dodecahedra and hollow tubular shapes. 4 5 18-34 Generally, optical materials containing powder form may exhibit lower optical intensity because of their opaque characteristics due to the * Author to whom correspondence should be addressed. aggregation of particles than the transparent materials. For the transparent mesoporous materials, the monolith and the film morphologies are more desirable for the preparation of transparent materials than the powdery ones. Monolithic mesoporous silica has been prepared through the complete removal of the residue solvent of mesostructured silica gel templated by amphiphilic block copolymers 22-25 34-36 or microemulsion liquid crystal. 37 However, the primary problem that has to be overcome is the occurrence of macrocracks through drying due to the large shrinkage that occurs when a solvent is removed from the gels. Hanaoka and co-workers 38 reported the synthesis of cubic Fd3m silica monoliths (HOM-11) with large cylindrical unimodal and bimodal opened mesopore sizes up to 11 nm using an instant direct-templating method in bulk lyotropic and microemulsion systems of copolymer templates. Zhao and co-workers 25 reported a way of liquid paraffin-medium protected solvent evaporation to prepare large-sized silica monoliths with highly ordered mesostructure. However, the monolithic mesoporous silica materials were produced with translucent appearance after calcination for removing of template.
"Non-aqueous" synthesis strategy has been proved to be a really versatile approach to produce patterned porous or nanocomposite materials with morphologies of films, membranes, fibres and monoliths 18-20 24 37 39-43 which offer a large scope of potential applications such as sensors, separation, supports for heterogeneous catalysis and optoelectric devices. Also, synthesis of the mesostructured materials under non-aqueous condition may have advantages not only in the process of the one-pot synthesis for the synthesis of useful organic molecules containing mesoporous materials in the mesostructure but also in the synthesis strategy of mesoporous materials via self-assembly process using various types of templates with different chain length of hydrophobic and hydrophillic part, and various components of the mesopore wall (i.e., organic and organic-inorganic hybrid materials).
The unique optical property of rare-earth ions doped in a host material makes it very important in applications such as UV sensor. Mesoporous silicas with uniform mesopores, high surface area, good thermal and chemical stability can be a potential host. The morphology of materials, such as mesoporous materials using a surfactant-templated assembly, often controls their function and utility. 12 The transparent mesoporous silica monoliths may take advantages of free-standing properties in comparison to films in need of a substrate. The shapes and sizes of these monoliths can be varied by using vessels of different shapes and changing the quantities of reactants. In this context, we prepared transparent mesoporous silica plates doped with rare-earth metal oxide under non-aqueous condition, though thin films of mesoporous silica material can be prepared on solid substrates such as glass slides or silicon wafers, when using dip-and spin-coating methods.
In our previous work, rare-earth metal ions (Eu 3+ , Tb 3+ , Tm 3+ )-doped and transparent periodic mesoporous organosilica (PMO) monoliths were prepared through surfactant-templated assembly and the hydrolytic polycondensation of alkoxysilane units with bridging organic groups under aqueous condition. 12 The monolith, however, possessed a drawback such as the color changing to light brown due to the residue of surfactant and decomposition of organic moieties in mesopore walls after calcination of the monolith for the removing of template.
In this paper, we report the synthesis of rare-earth metal oxide-doped transparent mesoporous silica plates using tetraethyl orthosilicate as the silica precursor and triblock copolymers (P123 and F127) as the structure-directing agent under non-aqueous solvent condition. We obtained these mesoporous silica plate in controlled shapes and size that were determined by the choice of container. In addition, we also doped rare-earth metal ions (Eu 3+ , Tb 3+ and Tm 3+ into the mesoporous silica plates via one-pot synthesis process to investigate their potential applicability as UV sensors. The transparent mesoporous silica plates were produced without any crack after calcination at 550 C for removing of the template. The synthesis of mesoporous silica plates was achieved using the following procedure. Templates (F127 and P123) were added to DMAc with stirring at room temperature until the solution became clear. TEOS was added to the template solution with stirring and then the mixture was stirred for 30 min at room temperature. The reactant solution was kept at 40 C for 24 h under static condition and then heated at 90 C for 24 h. After cooling to room temperature, the sample solution was transferred to a glass dish and dried at 80 C for 72 h until gelation was complete. The templates were removed through a calcination process at 550 C for 4 h in air.
EXPERIMENTAL DETAILS

Synthesis of Rare-Earth Metal Oxide-Doped Transparent Mesoporous Silica Plates
The rare-earth metal oxide (Eu oxide, Tb oxide and Tm oxide)-doped mesoporous silica plates were prepared with a procedure similar to that described above. The corresponding rare-earth metal ion sources were initially dissolved in the Template (P123)/DMAc mixture and stirred for 30 min before the addition of TEOS. The molar ratios of the TEOS to the rare-earth metal ions were varied between 80 and 40.
The final products were designated as M-MesoSiO 2 -X, where M represents the species of rare-earth metal ion and X represents the mole ratio of TEOS to rare-earth metal ion in reactant solution. within the 2 range from 1.2 to 10 . The nitrogen adsorption and desorption isotherms were measured at −196 C using a Micromeritics ASAP2010 instrument. Prior to measurement, the sample was outgassed at 200 C for 12 h under vacuum (p < 5 × 10 −6 Torr) in the degas port of the adsorption analyzer. The pore size distribution curve was obtained from analysis, using the Barrett-Joyner-Halenda (BJH) method, of the adsorption branch. Transmission electron microscopy (TEM) images were obtained using a JEOL JEM-2010 microscope operating at 200 kV. Photoluminescence spectra were collected at the exited wavelength of 250 nm under continuous Xe lamp excitation with a spectrofluorometer (Hitachi F-4500) at room temperature.
Delivered by Publishing
RESULTS AND DISCUSSION
Effect of Synthesis Variables and
Physicochemical Properties of Transparent Mesoporous Silica Plates Figure 1 displays a photograph of the calcined mesoporous silica plate. This optically transparent mesoporous silica plate, which was prepared using 20 ml of reactant solution, had a size of 2.5 cm and a thickness of 0.3 mm. The size and the thickness of these plates can be varied by using vessels of different size and changing the quantities of reactants. In addition, thin films of mesoporous silica material can be prepared on solid substrates, such as glass slides or silicon wafers, when using dip-and spin-coating methods. Figure 2 shows XRD patterns of transparent mesoporous silica plates calcined at 550 C for 4 h after (A), heat treatment at 40 C for 24 h and then drying at 80 C for 72 h; (B), heat treatment at 90 C for 24 h and then drying at 80 C for 72 h; (C), heat treatment at 40 C and 90 C for 24 h, respectively, and then drying 80 C for (Fig. 2(B) ). With F127 ratio of 6 83 × 10 −4 ( Fig. 2(B)(b ) ), the XRD pattern shows most intense peak. As the ratio of F127 in reactant solution increase from 6 83 × 10 −4 to 2 73 × 10 −3 , d 100 -spacing values of the mesoporous silica plates decreased from 45.0 Å to 29.4 Å (Fig. 2(b )-(d ) ). The mesoporous silica plate dryed at 80 C for 72 h after heat treatment at 40 C and 90 C for 24 h, respectively shows most intense XRD peak to the sample prepared with the F127 ratio value of 6 83×10 −4 , while XRD peak intensity of samples were improved. d 100 -spacing values of the sample were 53.5 Å. With the different amount of TEOS as silica source (Fig. 2(D) ), the mesostructures of the mesoporous silica plate were also optimized. The mesoporous silica plate prepared using TEOS amount equivalent to the ratio of 1.0 in reactant have most intense XRD peak showing more improved mesostructure (Fig. 2(D)(c ) ). Generally, the mesoporous materials synthesized under "non-aqueous" media contain less ordered or more distorted domains than that from conventional aqueous synthesis. Besides the topological defects induced by the stress or epitaxial mismatch, 44 the solvent may be another important factor to cause the less-ordered domains in mesostructured materials. For the mesoporous materials prepared from "non-aqueous" media, the solvents (C 2 H 5 OH, THF, DMAc, etc.) with less polarity compared with common H 2 O will increase the solubility of hydrophobes or namely diminish the hydrophilic (solvophilic) and hydrophobic (solvophobic) contrast. Thus, the inorganicorganic hybrid mesostructures resulted from self-assembly of inorganic silica species and organic amphiphiles under "non-aqueous" conditions may be less ordered. But, we look up the important meaning of this work in the synthesis of "transparent mesoporous silica plates" after even calcination using triblock copolymer as template under non-aqueous condition with an appropriate choice of solvent. After low heat treatment condition of 40 C, mesoporous silica plates were produced with higher quality of mesostructure than that of F127 (Fig. 2(A) ), as shown in Figure 3 ( Fig. 3(B)(b ) ), while the XRD pattern shows most intense peak with d 100 -spacing values of 60.5 Å (Fig. 3(b ) ). With the different amount of TEOS as silica source (Fig. 3(C) ), the mesostructures of the mesoporous silica plate were also optimized. The mesoporous silica plate prepared using TEOS amount equivalent to the ratio of 1.0 in reactant have most intense XRD peak (Fig. 3(D)(b ) ). As shown in the results of Figures 2 and 3 , with the different triblock copolymers (P123 and F127) as the structuredirecting agent, the mesostructure of mesoporous silica plate were produced with different results. The synthesis of designed porous materials using organic molecules as the structure-directing agents (SDA) or the templates is an area of expeditious growth. [1] [2] [3] [4] [5] [6] Block co-polymers consisting of at least two blocks with different affinities can be regarded as macromolecular analogs of low molecular weight surfactants. [1] [2] [3] [4] [5] [6] Both triblock copolymers (PEO 20 PPO 70 PEO 20 :P123 and PEO 106 PPO 70 PEO 106 :F127) as the structure-directing agent have the different chain length of hydrophobic and hydrophilic parts. Therefore, self-assembly behavior of P123/TEOS and F127/TEOS in non-aqueous solvent DMAc may be shown obvious difference. Figure 4 shows TEM images of transparent mesoporous silica plates (Pristine-MesoSiO 2 prepared from reactant molar compositions of (a) 1.0 TEOS: 6 83 × 10 −4 template: 12.37 DMAc for F127 and (b) 1.0 TEOS: 8 50 × 10 −3 template: 36.86 DMAc for P123. As shown in these TEM image, although the mesostructure of the silica plates have low ordering, these materials have mesopores obviously. We determined the pore diameter, pore volume and surface area of the mesoporous silica platesobtained from an N 2 sorption isotherm-to be 40.3 Å, 0.56 cm 3 g −1 and 609 m 2 g −1 for the sample in Figure 4 (a) and 38.1 Å, 0.68 cm 3 g −1 and 632 m 2 g −1 for the sample in Figure 4 (b).
Rare-Earth Metal Oxide-Doped Transparent
Mesoporous Silica Plate Now, we wish to discuss the applicability of rareearth metal oxide-doped mesoporous silica plate as UV sensors. Figure 5 shows photographs of calcined and transparent rare-earth metal oxide (Eu 3+ , Tb 3+ and Tm 3+ -doped mesoporous silica plates, and red-, green-and blue-emission of rare-earth metal oxide (Eu 3+ -, Tb 3+ and Tm 3+ -doped mesoporous silica plates upon UV irradiation ( = 254 nm), respectively. The calcined rare-earth metal oxide-doped mesoporous silica plates are optically transparent, as for the non-doped calcined mesoporous silica plate in Figure 1 . Meanwhile, Eu-, Tb-and Tm oxide-doped mesoporous silica plates produce red-, green-and blue-emission upon UV irradiation ( = 254 nm), respectively. The result implies that rare-earth metal oxide-doped mesoporous silica plates can be applied as an UV sensor. 45 46 In Figure 6( Figure 7 (a). This result is supported with nitrogen adsorption-desorption isotherm curves and narrow pore size distributions (not shown here). To the Eu oxide-doped mesoporous silica plate (Eu-MesoSiO 2 -40), even if XRD pattern has some broad peak, pore size distribution is narrow with pore size of 36.8 Å and the value of surface area is also some high with 558.1 m 2 g −1 , as shown in Table I . With the increase of Eu oxide content, surface area, pore volume and pore diameter were decreased as shown Table I . But, nitrogen adsorptiondesorption isotherm curves of typical type IV were still retained (not shown here). It indicates that the silica plates have mesostructure with high amount content of rare-earth metal oxide.
Tb-and Tm oxide-doped mesoporous silica plates with the different content of metal oxide were also prepared as well as Eu oxide-doped mesoporous silica plate. These materials have also mesostructures, high surface area and uniform mesopore size. And, Tb-and Tm oxide-doped mesoporous silica plates have photoluminescence properties of green-and blue-emission upon UV irradiation ( = 254 nm), respectively, while Eu oxide-doped mesoporous 
CONCLUSIONS
Transparent mesoporous silica plates were prepared via solvent-evaporation process based on the self-organization between structure-directing agent (F127 or P123) and silicate in a non-aqueous solvent (DMAc). The synthesis condition of mesoporous silica plate was optimized with different reactant compositions such as amount of triblock copolymer as template and TEOS as silica source, reaction temperature. The mole ratios of the components were: 0.25-1. 3 g −1 and 632 m 2 g −1 using P123 as template, respectively. In addition, rare-earth metal oxide (Eu, Tb, Tm oxide) doped transparent mesoporous silica plates were prepared via one-pot synthesis process based on the preparation method of a silica plate. Red-, greenand blue-emission was observed upon UV irradiation ( = 254 nm) for Eu-, Tb-and Tm oxide-doped mesoporous silica plates, respectively. The samples may have potential applications in the area of UV sensor, separation, adsorption, catalysis, nanotechnology and so on.
